Background and Aim Individuals with type 2 diabetes are at heightened risk for nonalcoholic fatty liver disease, which gives rise to nonalcoholic steatohepatitis (NASH) and cirrhosis. Yet, current guidelines do not recommend screening for NASH among these high-risk patients. Using a simulation model, we assessed the effectiveness and costeffectiveness of screening diabetic patients for NASH. Methods A Markov model was constructed to compare two management strategies for 50-year-olds with diabetes. In the No Screening strategy, patients do not undergo screening, although NASH may be diagnosed incidentally over their lifetime. In the NASH Screening strategy, all patients receive a one-time screening ultrasound. Individuals with fatty infiltration on ultrasound then have a liver biopsy, and those found to have NASH receive medical therapy, which decreases progression to cirrhosis. Endpoints evaluated included quality-adjusted life years (QALYs) gained, costs, and incremental cost-effectiveness ratios (ICERs). Results Screening for NASH decreased the number of individuals who developed cirrhosis by 12.9 % and resulted in an 11.9 % decrease in liver-related deaths. However, screening resulted in 0.02 fewer QALYs, due to the disutility associated with treatment, and was therefore dominated by the No Screening strategy. When the model excluded this quality-of-life decrement, screening became cost-effective, at an ICER of $42,134 per QALY. Conclusions Screening for NASH may improve liverrelated outcomes, but is not cost-effective at present, due to side effects of therapy. As better tolerated treatments for NASH become available, even with modest efficacy, screening for NASH will become cost-effective.
Introduction
Nonalcoholic fatty liver disease (NAFLD) is the most common liver disease in the USA, with a prevalence over 30 % in the general population [1] . The progressive form of NAFLD, nonalcoholic steatohepatitis (NASH), can give rise to cirrhosis and hepatocellular carcinoma. NASH is the third most common indication for liver transplantation in the USA and is predicted to be the leading indication by 2025 [2] .
NAFLD is strongly associated with type 2 diabetes, with the prevalence of NAFLD among diabetics ranging up to 75 % [3, 4] . Among individuals with both NAFLD and diabetes, NASH is unusually common, with a prevalence of 63-87 % [5] [6] [7] [8] . Advanced fibrosis is also especially frequent in these individuals, affecting 34-60 % of patients with NAFLD and diabetes [6] . In addition, diabetes may increase the risk of developing hepatocellular carcinoma by as much as threefold [9, 10] .
Diabetic individuals are generally evaluated for NAFLD when routine laboratory testing reveals elevated aminotransferase levels or when fatty infiltration of the liver is incidentally noted on imaging studies such as ultrasound or abdominal computed tomography (CT) scan. Despite the high prevalence of NASH and advanced fibrosis among individuals with diabetes, and their high risk of progression to end-stage liver disease, there is no established screening protocol for NASH in this population. Guidelines from the American Association for the Study of Liver Diseases (AASLD) do not recommend screening for NASH in highrisk groups because of a lack of evidence demonstrating benefit from screening, concerns surrounding cost of screening examinations, and a lack of available NASH therapeutics [11] . Under these circumstances, where longterm clinical data are limited, modeling can help to integrate the best available short-term data and project potential future outcomes of hypothetical screening and treatment strategies. Modeling also allows for cost-effectiveness analysis, which can enable interrogation of concerns about screening costs that contributed in part to current guidelines.
The aim of our study was to determine the clinical outcomes and cost-effectiveness of a hypothetical screening strategy for NASH in patients with diabetes, with the goal of providing data to guide clinical and policy decision making. To that end, a Markov model was constructed to compare outcomes in 50-year-old subjects with diabetes, using two approaches: (1) no screening (''No Screening strategy'') and (2) ultrasound screening (''NASH Screening strategy'') followed by liver biopsy for patients found to have fatty liver infiltration, with medical intervention for patients with NASH.
Methods

Model Structure
We developed a Markov model using TreeAge Pro 2014 (TreeAge, Williamstown, MA). The model assessed two different strategies for the screening and treatment of NASH in hypothetical patients with diabetes: the No Screening strategy and the NASH Screening strategy.
The model included six health states: (1) no liver disease, (2) simple steatosis or NAFLD, (3) NASH with fibrosis stage 0-3, (4) compensated NASH cirrhosis, (5) decompensated NASH cirrhosis, and 6) death. Possible causes of death included complications due to liver biopsy, liver-related mortality, and age-related mortality. The Markov cycle length, or time between state transitions, was 1 year. The model began with a hypothetical cohort of 50-year-old men and women who were followed until death. In each 1-year cycle, patients could either remain in the same health state, progress to another health state, or die (Fig. 1) .
Competing Strategies in the Model
In the No Screening strategy, NASH is incidentally detected due to abnormal aminotransferase levels in 21 % of patients [1] . In the NASH Screening strategy, all patients initially receive an abdominal ultrasound to assess for fatty infiltration of the liver regardless of aminotransferase levels. Abdominal ultrasound can result in a positive finding for fatty infiltration, a finding of no fatty infiltration, a false positive test for fatty infiltration, or a false negative normal ultrasound. Individuals found to have fatty infiltration (both true and false positive results) and then undergo a percutaneous ultrasound-guided liver biopsy. Complications of biopsy include hospitalization and death. Death was predicted to occur in 0.01 % of patients receiving liver biopsy (Table 1 ) [12] . Biopsy was selected as the screening procedure in the model rather than transient elastography, which is less invasive but cannot reliably identify early fibrosis and has a high failure rate in individuals with high BMI-a major limitation for diagnosis in the diabetic population [11, 13] .
Patients found to have NASH on liver biopsy were treated with pioglitazone 30 mg daily, until either they died or stopped adhering to treatment. Pioglitazone was selected as the treatment for NASH based on guidelines from the AASLD [11] . It has been shown to lead to histological improvements in patients with NASH and diabetes [14] . Efficacy of treatment was derived from a meta-analysis of seven randomized trials on thiazolidinediones that assessed histological endpoints [15] . The model incorporated the effect of treatment by reducing the rate of progression toward cirrhosis. Vitamin E was not included in our model because guidelines do not recommended it for diabetic patients [11] , meta-analysis results showed no histological benefits of vitamin E [16] , and its use has been associated with increased all-cause mortality [17] .
Clinical Parameters for Model Input
The model included a wide range of estimates that were derived from the literature ( Table 1) . Based on prevalence studies of NAFLD in diabetics, we assumed 65.4 % of patients in the model have steatosis [18] . Of these patients, the proportion with NASH was assumed to be 78 % [6] . The distribution of NASH patients into different stages of Dig Dis Sci (2016) 61:2108-2117 2109 disease progression was based on a study by Leite et al. [6] .
No patients in the model initially have decompensated cirrhosis, as patients with decompensated liver disease come to clinical attention without screening. The rate of disease progression in patients with NASH was calibrated so that 20 % of them ultimately develop cirrhosis in their lifetime [19] [20] [21] [22] . The annual probability of decompensation for patients with cirrhosis was based on a prospective study of NASH cirrhosis [23] . The model also included different estimates for annual mortality rates for patients with compensated and decompensated cirrhosis: 2 and 13 %, respectively (Table 1) [23, 24] .
Costs and Quality-of-Life Adjustments
Base-case costs are summarized in Table 1 . Medicare reimbursement rates for physicians and facilities were used to estimate direct costs of procedures, including ultrasound and ultrasound-guided percutaneous liver biopsy. Medication costs were obtained from the 2013 Red Book average wholesale prices. Costs from prior years were converted to 2013-year dollars using the Consumer Price Index [25] .
Because there are no quality-of-life studies focused on patients with NASH cirrhosis, utility estimates were derived from studies on patients with cirrhosis from other causes; this approach was used in a previous cost-effectiveness analysis of NASH [26] . In addition to the utility values for each health state, the model incorporated a disutility for medical intervention because pioglitazone causes weight gain. Other side effects of pioglitazone, such as increased risk of bladder cancer and bone fracture, are exceedingly rare and were therefore not incorporated into the model [27, 28] . All utilities and costs were discounted at an annual rate of 3 % to adjust for the relative value of present dollars or a present year of life [29] .
Outcomes
The primary outcome of the analysis was the incremental cost-effectiveness ratio (ICER) per quality-adjusted life year (QALY) gained between competing strategies. A willingness-to-pay (WTP) of $100,000/QALY was used as a threshold to determine cost-effectiveness [30] . Other outcomes included QALYs gained, life years (LY) gained, and cost. We also assessed clinical outcomes, such as the percentage of patients who progressed to cirrhosis and the percentage who died from liver-related mortality.
Analyses Performed
A base-case analysis using the best estimates of all parameters was performed, in order to compare the effectiveness and cost-effectiveness of the No Screening strategy and NASH Screening strategy. One-way sensitivity analyses assessed the impact of model input uncertainty on outcomes across a wide range of values (Table 3) . A sensitivity analysis was also conducted to examine the outcomes of a NASH Screening strategy given the availability of improved medication, with twice the efficacy of pioglitazone, half the non-adherence rate, and no qualityof-life decrement (Table 4) . Lastly, we performed probabilistic sensitivity analysis (Fig. 2 ). Distributions for model parameters were assigned based on the literature, and 100,000 iterations were performed to gain insight into the optimal strategy under uncertain conditions within our defined WTP threshold.
Results
Base-Case Results
In the base-case, or primary analysis, the NASH Screening strategy reduced the number of individuals who developed cirrhosis by 12.9 % and led to an 11.9 % decrease in liverrelated deaths (Table 2) . However, compared with No Screening, the NASH Screening strategy also resulted in 0.02 fewer QALYs, mainly because of the disutility associated with the treatment, and was therefore dominated by the No Screening strategy. When the analysis was run without incorporating quality-of-life utilities, the NASH Screening Strategy resulted in an additional 0.07 LYs at an incremental cost of $1216, yielding a favorable ICER of $17,985 per LY, well below a WTP threshold of $100,000 per LY ( Table 2 ). The key driver of this difference between the quality of life-adjusted life expectancy and unadjusted life expectancy was the weight gain associated with medical intervention.
Sensitivity Analysis
Results of one-way sensitivity analyses are summarized in Table 3 . The quality of life-adjusted results suggest that the NASH Screening strategy is unlikely to be cost-effective even if treatment efficacy is set at the upper bound of the 95 % confidence interval from meta-analysis [15] . Based on sensitivity analysis, screening for NASH will be costeffective only if medical intervention involves negligible quality-of-life decrement. When the quality of life-adjusted model excluded any disutility associated with medication, the NASH Screening strategy became cost-effective, with an ICER of $42,134 per QALY (Table 3) .
One-way sensitivity analyses were also performed on a version of the model that did not account for quality of life (Table 3 ). These analyses indicate that uncertainty associated with ultrasound does not have a major effect on model output. The screening strategy also remained cost-effective, even if [50 % of patients refused to undergo a screening biopsy. Additionally, raising the mortality of liver biopsy had little effect on the cost-effectiveness of the NASH Screening strategy. When the probability of death due to liver biopsy was raised to 30-times its base-case value, screening remained cost-effective. In contrast, nonadherence to medication and efficacy of treatment had a large impact on results. The NASH Screening strategy became increasingly cost-effective at low non-adherence rates, as expected. This strategy ceased to be cost-effective when non-adherence rates exceeded approximately 77 % per year. The NASH Screening Strategy also stopped being cost-effective when treatment efficacy was set at the minimum value reported in the literature.
Results from the version of the model that did not adjust for quality of life were sensitive to changes in the costs of screening. As these costs decrease, the ICER associated with the NASH Screening strategy also decreases, or becomes more cost-effective. In addition, increasing the cost of treating decompensated cirrhosis also improved the cost-effectiveness of the NASH Screening strategy, because treatment prevents patients from progressing to cirrhosis, a costly health state.
As part of our sensitivity analysis, we examined the effectiveness and cost-effectiveness of the NASH Screening strategy given the availability of a hypothetical treatment for NASH with the same cost as pioglitazone, but with superior adherence, efficacy, and side effect profile (Table 4 ). This analysis showed that the NASH Screening strategy is likely to be cost-effective given the availability of a superior treatment, in both the quality of life-adjusted and unadjusted versions of the model. Probabilistic sensitivity analysis in the quality-adjusted model showed that the NASH Screening strategy was not cost-effective at a WTP of $100,000 per QALY in 93 % of trials. In the version of the model that was not quality of life-adjusted, PSA showed that screening was the optimal strategy above a WTP of *$22,000 per LY. Below this threshold, the No Screening strategy becomes the optimal strategy, in terms of cost-effectiveness.
Discussion
Our analysis demonstrates the potential value of ultrasound screening for NASH among adults with diabetes and provides an evaluation of the key impediments to screening in high-risk individuals. Ultrasound screening with subsequent liver biopsy and medical intervention, when indicated, improved liver-related outcomes. This strategy resulted in an additional 0.07 LY, decreased the prevalence of cirrhosis by 12.9 %, and reduced liver-related deaths by 11.9 % (Table 2 ). However, in the quality of life-adjusted cost-effectiveness analysis, the No Screening strategy dominated the NASH Screening strategy, due to the Probability of mortality due to liver biopsy (0. This analysis suggests that the main obstacle to costeffective screening for NASH is the poor tolerability of pioglitazone, the recommended treatment for NASH according to AASLD guidelines [11] . Screening for NASH, accompanied by treatment for affected individuals, is likely to be cost-effective only if there is no quality-oflife decrement associated with medical therapy. When the model excluded the disutility of side effects due to pioglitazone in our sensitivity analyses, the NASH Screening strategy became cost-effective in the quality of life-adjusted model, with an ICER of $42,134 per QALY, below the WTP threshold of $100,000 per QALY (Table 3) . Similarly, in the version of the model that did not incorporate quality-of-life utilities, the NASH Screening Strategy was cost-effective, with a base-case ICER of $17,985 per LY gained ( Table 2 ). The main factors contributing to these favorable ICERs-in addition to the exclusion of a quality-of-life decrement for pioglitazoneinclude the high prevalence of NASH among individuals with diabetes, the reduced progression toward cirrhosis for patients receiving treatment, and the costs avoided by preventing or delaying cirrhosis. While it is possible that a less invasive screening procedure, such as transient elastography, might improve the cost-effectiveness of screening, our results suggest that this is not the case: in sensitivity analyses, No Screening remains the optimal strategy even when the screening procedure involves lower costs, decreased risk of mortality, and decreased risk of complications (Table 3) .
If the model includes quality-of-life utilities for pioglitazone, the NASH Screening strategy is not cost-effective, even if the efficacy of treatment is raised to the maximum value from the literature (Table 3) . Additionally, even if medication adherence is raised to 100 %, the No Screening strategy still dominates the NASH Screening strategy, due to the side effects of pioglitazone. The quality of life-adjusted model's insensitivity to changing adherence rates and efficacy underscores that pioglitazone's poor tolerability is the key impediment to cost-effective screening. To examine the impact of improved therapy for NASH, the NASH Screening strategy was altered to incorporate a hypothetical treatment for NASH with twice the efficacy of pioglitazone, half the non-adherence rate, and no qualityof-life decrement (Table 4) . This analysis generated a favorable ICER of $18,579 per QALY, which falls well below the WTP threshold of $100,000 per QALY. This result highlights the need for and promise of improved therapeutics for NASH.
As with any model, our model has several limitations. First, the quality-adjusted version of the model included a quality-of-life decrement only for the weight gain associated with pioglitazone. Other side effects, such as increased risk of bladder cancer and bone fracture, are exceedingly rare and were therefore not included [27, 28] . Thus, it is possible that our model underestimates the quality-of-life decrease due to these risks and other possible side effects, such as fluid retention and heart failure, which we did not include for the sake of simplicity and because thiazolidinediones have not been shown to increase mortality due to heart failure [31] . However, our model also excludes any diabetes-related benefits of pioglitazone, which may counterbalance the omission of these minor risks [32] . In addition, our model does not account for diabetic patients who are already taking pioglitazone before screening. We do not view this as a major limitation because a small portion of diabetic patients take thiazolidinediones, and the use of these medications is falling out of favor due to their risk profile [33, 34] . The model is also limited by the lack of long-term data supporting pioglitazone treatment for NASH. Trials on pioglitazone for NASH have a short duration of less than 2 years [15] . In the absence of longterm data, our model may provide a useful way of forecasting the potential outcomes of treatment over time, while accounting for the uncertainty inherent in such a projection. Lastly, given the lack of economic data for the health states in our model, we were forced to utilize cost data for similar liver-related conditions. As a stand-in for the costs associated with NASH, our model used cost data for chronic hepatitis. Likewise, our model assumed that NASH-associated cirrhosis and hepatitis-associated cirrhosis involve similar treatment costs. Despite these caveats, the present model has several strengths. A comparison of the model's clinical outcomes to endpoints derived from the literature, which were not used to build our model, helps affirm the validity of our results. First, in the model, *10 % of patients with NASH ultimately die from liver-related causes, compared to 17.5 % in a study of 173 NAFLD patients with a median follow-up of 10.5 years [35] . In addition, in the model approximately half of all hypothetical patients with NASH cirrhosis ultimately die from liver-related mortality. For comparison, 40 % of NASH cirrhosis patients die from liver-related causes over a 10-year period in Matteoni et al. [20] . Lastly, 5.1 % of hypothetical patients with diabetes in the model die from liver-related causes, which falls within the range of 4.4-12.5 % in the literature [36] .
Though other studies have explored the cost-effectiveness of medications for NASH, to the best of our knowledge, our model is the first to assess the value of screening for NASH in individuals with diabetes [26] . While our model includes several assumptions raising concerns about the findings, as with any model, it provides a useful examination of current guidelines, which do not support NASH screening in high-risk groups because of concerns surrounding cost and treatment efficacy. Our analysis confirms this view-screening is not effective or costeffective at present-and it also provides a better understanding of the key impediments to cost-effective screening. The model results suggest that screening for NASH, given the availability of medication with mild side effects, even with modest efficacy, is likely to be costeffective. Although no such medication is currently available, there has been rapid development in this field, with over 200 studies listed on ClinicalTrials.gov and encouraging results from a recent trial on obeticholic acid [37] . As our model shows, even relatively minor advances in this arena hold great promise to enhance the feasibility of NASH screening in high-risk patients.
